There is an increasing interest in the study of polymorphic variants at gene regulatory motifs, including microRNA target sites. Understanding the effects of selective forces at specific microRNA target sites, together with other factors like expression levels or evolutionary conservation, requires the joint study of multiple datasets. We have compiled information from multiple sources and compare it with predicted microRNA target sites to built a comprehensive database for the study of microRNA targets in human populations. PopTargs is a web-based tool that allows the easy extraction of multiple datasets and the joint analyses of them. The user can also compare the allele frequency spectrum between two groups of target sites, and conveniently produce plots. The database can be easily expanded as new data becomes available and the raw database as well as code for creating new custom made databases are available for downloading. We also describe a few illustrative examples.
INTRODUCTION
As genome sequencing costs continue to decrease, the interest in population genetics increases. In particular, the analysis of variation at regulatory sites is becoming critical to understand how non-coding sequences emerge and evolve (1) . MicroRNAs are important gene regulators that target gene transcripts by partial complementarity (2) . The fact that their targets can be predicted from their primary sequence has been exploited to study the potential impact of single-nucleotide polymorphisms at their target sites. Indeed, a number of studies have reported selective pressures at these target sites by investigating the variation in populations (3) (4) (5) (6) .
Despite the interest in population genetics at microRNA target sites, their analysis imply the combination of various datasets from multiple databases, and handling simultaneously vasts amounts of data, making it cumbersome to research groups without the data analysis expertise or access to high-throughput computing clusters. To facilitate this task we have developed a database which cross-links allele frequencies at predicted microRNA target sites, were from the 1,000 Genomes Project (10) as compiled in dbSNP build 151 (11) Meunier et.al (2013) and MiRmine (14) . The miRNA data was classified into four groups for analysis, based on their expression in each tissue: 1-zero RPM (reads per million), 2-broad expression (>50RPM), 3-high expression (>500RPM), and 4-specifically expressed in one tissue (highly expressed compared to the other tissues: 1.5 times the interquartile range plus upper quartile across tissues. Target and near-target (one nucleotide difference with a target) sites were found using SeedVicious 1.1 (15) , which predicts canonical target sites without filtering out for sequence conservation. Only SNP locations in which one allele was a target and another allele was a near-target were further considered. This important feature allows the study of target sites that are not in the reference genome, but that can be targets in some populations (see Results and Discussion).
Access and Implementation
The database is build in MySQL and it is freely accessible via a dedicated web portal at https://poptargs.essex.ac.uk/. The database provides three main options to explore microRNA target sites. First, users can search (Search tab) specific microRNAs or genes, and compare the allele frequencies between two lists of microRNAs or genes. The web form also gives the option to plot the allele frequencies side to side to a fast visual inspection of results.
Alternatively, the users may browse the database (Browse tab) and select microRNAs with specific expression profiles and/or sequence conservation. This data can be retrieved for all or for specific human populations. Finally, the user has the option to download the whole MySQL database (Downloads tab). Researchers can also create their own databases with custom sequences as we also provide the source code and full instructions at https://github.com/ash8/PopTargs
RESULTS AND DISCUSSION
The basic search function of PopTargs is the 'Search' form. Users can provide list of mature microRNAs names and gene names (Ensembl unique IDs) and retrieve a table with SNPs variants found at target sites among the queried genes/microRNAs. As we considered neartargets (see above) during the database assembly the user will also find target sites that are not in the reference genome yet one of the alleles is associated to a target site. This feature can be exploited to detect putative target sites not present in the current reference genome sequence (see discussion at the end of this section). The table provides the population frequencies of the target allele, and also reports which allele is ancestral to human populations. Lists of microRNAs of interest can be obtained from miRBase (9) but also from curated databases that may allow the filtering of microRNAs based on evolutionary conservation or other features (e.g. mirGeneDB (16) ). The possibility of providing lists of both microRNAs and genes helps to narrow down the targets of interest when a specific subset of experimentally validated interactions (for instance, from TarBase (17) or miRTarBase (18) ) is to be explored. The database also allows the possibility of plotting allele frequencies for the queried microRNA/gene interactions. In this case, one can plot the allele frequencies at target sites and compare it with the allele frequencies of either an alternative list of microRNAs or an alternative list of genes. This is particularly handy when visually exploring large amount of data (see below).
To explore variation at target sites in pre-computed lists, the 'Browse' form allows to study microRNAs with different levels of expression, expression breath, evolutionary conservation and even sub-population structure. For instance, we recently reported that in human populations there is detectable selection against microRNA target sites (6). We can explore some specific cases with PopTargs. If we use the Browse option we can compare target sites for microRNAs highly expressed in testis (for instance) versus microRNAs not detected in testis. PopTargs will produce an allele frequency and a derived allele frequency plots,
showing that the frequency of the target allele is significantly lower for the targets of highly expressed microRNAs (Figure 1 ). This result suggests that when a target site for a testis microRNA randomly appears in a testis expressed gene, there will be selective pressures to remove this allele from the population.
We can download a full table with the results, which will contain allele and derive allele frequencies, but also the target allele frequencies for different human populations and the estimated Fst (19) . From the results produced we can detect unique 12 segregating target:nontarget allele pairs for microRNAs highly expressed in testis (Table 1) , that have a high degree of population differentiation (Fst>0.5). For instance, transcripts from CYB5R4, a gene associated to oxidative stress protection in sperm production (20) , has a conserved target site for miR-151-5p (highly expressed in testes) but this target site is not detected in the reference genome. Indeed, the loss of the ancestral target site happened in European populations whilst other human groups mostly maintain the target allele (dbSNP entry rs6912739, Table 1 ). This result illustrates how population dynamics can be used to detect target sites that are not in the reference genome and, therefore, escape most target prediction programs (Helmy, Hatlen,
Marco, under review).
We provided all scripts used to generate the original database and full documentation such that interested users can generate their own database. As the number of available genome sequences increases, this feature can be of use to those interested in expanding the current database.
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